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[Title of the Invention] 

Production Method for Carbon Nanotube 

5 

[Patent Claims] 

[Claim 1] A method for manufacturing a carbon nanotube, the carbon 
nanotube being formed on a metal surface, the carbon nanotube being grown on the 
metal surface using chemical vapor deposition by heating the metal and flowing toward 
10 it a gas that serves as a carbon source, 

wherein said metal is provided with fine asperities on said metal surface by 
producing oxide microcrystals upon said metal surface before the carbon nanotube is 
grown on said metal surface by chemical vapor deposition. 

[Claim 2] A method for manufacturing a carbon nanotube, the carbon 
15 nanotube being formed on a metal surface, the carbon nanotube being grown on the 

metal surface using chemical vapor deposition by heating the metal and flowing toward 
it a gas that serves as a carbon source, 

wherein said metal is coated with carbon in a predetermined region before the 
carbon nanotube is grown on said metal surface by chemical vapor deposition. 
20 [Claim 3] A method for manufacturing a carbon nanotube, the carbon 

nanotube being formed on a metal surface, the carbon nanotube being grown on the 
metal surface using chemical vapor deposition by heating the metal and flowing toward 
it a gas that serves as a carbon source, 

wherein said metal is provided with fine asperities on its surface and is coated 
25 with carbon in a predetermined region before the carbon nanotube is grown on said 
metal surface by chemical vapor deposition. 

... (omitted) ... 

[Claim 9] A method for manufacturing a carbon nanotube, the carbon 
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nanotube being formed on a tungsten surface, comprising: 

a first step, in which a tungsten rod that has been chemically etched in a 
hydrogen fluoride solution and then heated in oxygen is disposed within a quartz glass 
tube and the tungsten is heated while an argon gas is flown therein; and 

a second step, in which an ethylene gas is flown while said tungsten is still hot. 

... (omitted) ... 
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[8***4] 111*511 fclB«©*-#>-^y^a-y 

[If** 5] 5***1. If** 2, f***3*fcttH 
** 4 coi^-f^ 1 *tCf2^60^7 — #v*v ^ =l~7 <D 

[If** 6] t**Ja5tciE«^*-2K^y ^-^-^ 

[1***7] 1***1. If** 2. If** 3, If** 
4, I***5*^:«»**6 0V^ix^l3S{w|BttO* 

[1***8] Bi*gi 7 {cis«o* y^-a-^ 

T i? ^ U V <7} V ^frfrX fo 5 # ^ 2tf / ^ — y 

[if** 9 ] ^ ^v^v-xo^m^— #>-r 

[|f**i 0] ff**9(dlE^co^ — #yfyfa- 
[o o o 1 3 



(2) 3 4 2 l 3 3 2f 

[0 0 0 2] 

[ft&<0&«] £3Kh^^mHI (ST 

M) ft ^(DjfeSr/p (SPM) <DZfx2-zf<D 
9ct%\z&tft>tiZ>&m*b LX. *>—#^-r;^^-yr 

zm^zzbtm^ztix^z. 

[0 0 0 3] C 5 Lfc*— ^^—zftcWfc^b 

>^/^*-^S:A«(DaBlcB*i-S. All 

[0 0 0 4] L*»Lftd*b, ±IBLfe**»«r*b-C* 
W«ttsft«A<*v^ii:t>K:«StftfciM|-c*>!>, flMtt 
[0 0 0 5] 

[*W^*lfttJ: 5 JiiELfcJ: 
[0 0 0 6] 

fl^SWHJdtfift (Chemical Vapor De 

jo position) &m^^x&mmmz\M.&*-#oi~ 
/^~-zf&i&&£^zb\'^i3imz±y) x x-x^i- 

[0007] is*— #>"*v 

^(atin mntm*m^%z-b * uc£**inc# 

[0 0 0 8] gp*>, 9 *>W ** 1 «E*0>»W 

{k®<DW&&Z2Li$,1rZ>Z. b\z£Q, ±IBAII*ffi^*- 
[0 0 0 9] *3SMo 9 *>!*** 2 tclB^O^B^ 
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[0010] *x«0 9^M3ft4 3icetto«n 

[0011] #»W09^»*54lcfB«038W 
[0 0 12] #»Wo5^M#«5KlB*©#W 
[0 0 13] *3gWo5^»**6Jc8S«o*M 

«\ *»W0 5*>SS3R«5^Sa*<7)»^^*5V^r. -LIS 

[0 0 14] Sfc, *l8Ww5*>ffll*«7icBB«o«W 
Z>X*t l,tzi><DX&>2> 0 

[0015] *tz, o hmxm s i-ib«o*m 
[0016] ^/c, *«mo?t>n3K«9fce«to«n 

[0 0 17] **M0 5*>»*aai OJ::lE*fc0>« 



(3) #|*Sg 3 4 2 1 3 3 2f 

[0 0 18] 

tto— «^^:ov^r»^lll^RWi-st^o^:-^s. 

[0 0 1 9 ] 12] 1 Idfi, ^Wf-iS^-aK^^/^a 

[0 0 2 0] wOKig^m^^Ttex i^7^f 1 

fro^^^^x^ (w) ©t^^ U^T, 
^ryf-fy/j fcWtfcWi-S. ) 1 2*5EKSJx 

[0 0 2 1 ] f^fXr-^Tj V7*\ 2 t it 

fi, znmmizmtmkvxmt* ^yxr^nw&Si 

[0022] ^y^f>f -< 5/^1 2 rc&Btcttfb* 
isi?XT><Dmi£M i &tef£irZ1&mbl,Xte. 
KJR^-C^^^^-r^x-f ^^12$r60 Ot^M 8 0 

or-eJDDfRi-s^s^ffivN^r w<dbss* 

[0 0 2 3] HT, El 1 ^^-t-««*:fflv^T*«HBW* 

T^^l 2O^®C0^b^>'^^7 i >'^^^f^^ 

U toglc^^T^^f xf^y^l 2tr6 0 
0tM8 0 or^DfRi-SAQjaSrtTor, 
yf^yT'l 2 £>*ffi y — ^— ^--/UCO^Hb* 

[0024] *i\ op^trr/u^^ (a 

r) >Ef^$r5 0 0 s c cm<DmMXffiVX\t^2>ftWiX, 

&^^i&\,xmm^mex^mi&^it^>^^^^ ? 

yi2^7 0 0^-CWt5 o , 

[0025] ±ls<z)J: 5i-fC^y^^fyr/f y^i 

50 t Itxf l/y (C 2 H4 ) ^/^^ 2 . 5sccm 
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[0 0 2 6] El 2 JiJiHB U^^^m^^-f-^^m^ 
(SEM) ^m-Ctb*), Sfc, El3teEl2^1- 
S EM?IWl«^l:t§f:^C0 2 C^tSEM 

VZfl 2<D9cffini 2 a<D^®fCte s 

[0 0 2 7] El 2^£;ft,TV^ J: JifEL*:^ 

y 2 0 «\ S $ 1 0 0 n rnT&M 2 /2 mffe £ , 
0 n m-Cfco^o 
[0 0 2 8] -hlELfc^te^/B^S^fcJ; 9, *>-^ 

COS PMO^n-^jtej»^R«te>*bS**l!^fc 

2 0ftS8a5 1 2 a l:^^>t/f-a-y2 0 

2 0 £^£-£5 d t <o-?# 

[0029] *©«6tr±, l^MfiSia^y 

[0030] ro^jcggi"S^:^^#o|lii*£^fc 
ffl«o»MI2l^^1-J: ^y^f^f^y7'i 2 

0>3fefiBtFB 12a 1 2 a a tf>»/hfiM£ ^^T" 

^T>f5/^1 2 0*««1 2 a (Ol^l 2 a a J&»<b£ffl5 
1 2 b2ffr-* N fllxJl, 1 0 0 nm\Zk*mAstzmi&X~&> 
Z> 0 ) ACO^^^Ut, f^fXT^T-J V?\ 2(0% 
i&Ul 2 aOl^l 2 a a*>&£Al 2 bjjfa~* s 
6 Mmlli: + IU:WB©i®{:, 

(B' = B-A) ^«^5C^:/^5o 

[0 0 3 1 ] $ Xf^^^r 4 v rf\ 2^<ojo — 



(4) #fF|g 3 4 2 1 3 3 2^ 

[0 0 3 2] Jiffioj: 5t-LTffi«B' irr^-^r^ 

(C2H4) ^5:0. 5sccm^|-ei^ 

[0 0 3 3 ] H5tt±1Bbfcjttfc**fc«i-SEM*K 
Tfet), H6liH5l:^tSEM«0»/h«* 

1"S EM¥SoHfi?$r^a{-i-^^J6(-l2] 5 [d^S E 

2(D«1 2 a 0»/h««Af£fi#— 

[0034] *«»w#©j»kfcj:frtf, »/jN«a 

«AOH««r«»i-SCt^J:i9 % aMMWKAfctfAi- 
^-^t/fa-7'2 0<75JSS:fMI9i-5r. 
£ e IP*>. «/hffi«AOffia«ra*r/h$<1-^^i:fr 
El 5 7??MEJ 7 -*\ SEM?I (El 8) ftfeWcH 
8fc^i-SEM*Jl«rSia;«i^*UfcKWBa (El 9) d 

i-S«/hffl«A»w*-#^y^3. — >^2 0 £ l*:<0^ 

[0 0 3 5] El 1 0 1 2 Ji % El 5 7!?MEI 9 [^1" 

Mo^»i^.t?)»/jxffl«A^^--^^y^ 3 .--^2 0 

# — H^^J ^ — 7 2 on^ — "^(Dl&fi&^Fk IT 

[0036] ft**, :o^o-^Hr^fc^y^ 
^ fyr^^^l 211 io — i£\/-r;^ =L —-7 2 0\z.v&m 

iittf^f'frTUHVfir^-rt^iov^jKie 0 o^t 
io«B7=-y^Lfcto-efc5, ^^^^ 

x^x-f^/^l 2 0»/h««A^fiR«$-frfc*-sK>'^ 
/f- a -^2 0WXH, S^«2 0 0 nmtfe 
t), ffl!€l^»l 0 nraTfcot 0 

[0 0 3 7] El 1 0 TiHEl 1 2 t^tS TM?I^|f: 

^y^fyf^^i2toa«At; 
^Lfc^-^v-^y ^-^x-y 2 0 £S EMfcJ: «9m^ 
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[0 0 3 8 ] Hi OftSHl 2 ^^i"S TM?I^5)b 

Wiplc, »/h««A^*— 2 0£r 

*#-e*fc. L*»U***e>, »<MB«ri*< Ufc 
^fOftKOll ('v=#A*3t : h o n e 
ycomb structure) S tl/fe *5 , 3£ 

0»*SBIfc#»fc*i,fc o **3, #%o^:J6tr N (g] i 3 

t Lt, Zf^^ (P t) Vi?$J* (I r ) 

£f£ Lfc^JRx-< y7 p ^D-7't LT/Bl/^fcH 1 2d 

[0 0 3 9 ] Hi 4 75 MB 1 5fcM\ »/MH«A 

fc^-sK^y ^~-z?2 0 *1 

<fc5Si (111) 7 X 7^g<E>^K#^£*bTV^ 0 

[0 0 4 0] ^C, Si (111) 7X 7^©J:(^^Vn 
X. flfc/MRttAte;*; — y 2 0£ l*<£>^ 

^^/■:^y^r>r^ y7l 2 £/8v^c S T S ff 

[0 0 4 1 ] EI 1 6fcttST Stf«0|RfC»6nfcS T 

z> 1 1 hizmmz h>*»snM*kiiz. i -v&m 

-k^yy-yft^lsfoXter) , El 1 8 twttSWft^-^^^ 

[0042] hi 7 Ki^-r i -vft»^jB?g 

[0 0 4 3] ^o^-v 5/^^iKSffe5v^^i7k* c t'-e^p^R 
»/hffi«Afc:*— /K>"^/^^-^2 o 

LT/Bv^SJ: 5te1"Jx«* Hi 7ro^97i:^fJ: 9 

[0 0 4 4 ] *S3BW#^JI«ir € fc^« N »/hffl«AlZl 
*-^>tyf-a-^2 0£r l^O^jSftge-frfc^^ 
^T^f-f y^l 2 2r7k3f4 I lC:iol/N-t 4 0 OttMf 

[0 0 4 5] H 1 7 i^^i" I - VttJfc*s#Mffl$-? 



(5) Jg 3 4 2 1 3 3 2 -5§- 

a-^2 0t©t^i|£iS#-efc5BijBttds&5 o ;w 

tf, Hi 7 0^7tc^-f-J: 5 **»?BlE«tt*»t8i- 

*>*l>tt, k>— *Ks> K (p e a p o 
d) ^^$^S^-7iCv^-/^aL-^rt(cC6 o$HP£ 

Og^fcfc^-i: L-CffiV>^«t p^LTfc, 117^771: 

[0 0 4 6].4*J, IBLfcjaSWIStt, J^TO 

(1) (4) fc*rA5fc«WL>-CfcJ:v\ l 

[0 0 4 7] ( 1 ) _b|B Lfc||»^«Bl^rfl^*ffi 

[0 0 4 8 ] tf^OSM^-o^Ttt, igUtCg! 

JELTfcJ:v\ BP*> N K*«tft5^i:LWi/> 
(C2H4) Srfflv^fc»#{ctt % «|;tfcf, 0. 5 s cc 
20 m**fcl 0 s c c m(7>©|S<oagfi{c:*3V>-C^7 — 

(C2H4) <o«*ol#»"i i fc fc, 

[0 0 4 9] ^^OHlcoVNtli, ±IBLfcJt 

(C2H4) &m\s^tzm&iz~z>\,^xwiwLtzt>^ mmm 

b%Z>#Xte^^\s> (C2H4) \z.mh%iZ>\><DXte 

t£\\ mmmhftztfxt l-c», (c 

H4) £>6v>HTir^-u^ (C2H2) Srfflv^S «fc 

[0 0 5 0] **5 % «*Ri45^iU-C7Wi/y 
(C2H2) Srfflv\fc4frfrl::«:, ^**B_bl-»afi*tu 

[0 0 5 1 ] — it^^y (C 

H 4 ) «rffiv\fc»frfcMU RIli4?)^i:Uxf 
(C2H4) ■^r-fe^-uv (C2H2) Srfflv^S 

#*twsi-*i:, m&ffimfrtz 

40 — Zf<D*&fil'}?t£< 4<5„ -^fi> (CH 

[0 0 5 2 ] ^-7K>-^y^^-y$rjSS$ii:5 
k&X$Z> 0 Whs X-tf^i'S?-^-'? 

50 [0 0 5 3 ] IP^, ^7— ^tyfa- ySri*^$"frS 
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[0 0 5 4 ] 4*5, £*0afifCttfctt0lRttA*£j& 
[0 0 5 5] rit*«aft^oVN-Ct, -bffiL^JIlfi 

**s*s&*<?««4^fcj£&T. lii^iiti 

[0 0 5 6] **«fcftS3(f^i it^fi/y 

(C2H4) &m\*^z>b th\^ ^-^ytyfa-y 

te, -hlBL/cXMi^ftl^^VNT^U/t 7 0 0 Steffi 5> 20 
ii5t©Tli4<, ^aW^JMUct^rf, 600 

[0 0 5 7 ] (2) ±|BL^Hi£<D^ffi|C*5V>rfi, * 

[0 0 5 8] (3) ±BUfc*lSOWttfc*5V^Ttt, * 
6%<7>^y{b7k^^P^(C*5V> 

^i^{cf5S^^^6 1 bo-Cfi4v^^i^j:^)^T^^ 0 40 
?®>m*'ijo c <t 4 UK, t«>*B5^3&— aK 
[0 0 5 9] iy^V^ft!«*r?T5ilfc*3V*T 

[0 0 6 0] (4) ±IBLfcJtjKo»m^*sv^ , rtt, * 



3 4 2 1 3 3 2^ 

j^t<z> (a) (d) ^^o^j&-rss§^ii 

[0 0 6 1 ] (a) f>(*-7\s<<t£¥\z.fcmirZ>^k<D 
5>7^-;uKx^ 5/^- (FE) 

lis *»WKJ: S^-^^y^-a— 

£0 4*5, Ell 9{^*5VNT TcNTj irti, #S5WK:J: 

[0 0 6 2 ] ■^fr^-f-A'K 

[0063] ( b ) m^-r^ xftxnm^mm 

(EI 2 0 (a) (b) &m) o 4*5, El 2 0 
K*5^T rcNTj fell, *»WfcJ:5*— 

[0 0 6 4] HP^, #$8^KJ:5;*7 — aK>"^/^» — ^ 

[0 0 6 5] — s^^/^-a — ^ 

tub. ftrfefffcttKWftRfcfTSiirftU^ *-^K> 
[0 0 6 6] (c) ^o— ^ 
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NTj £te N *»Wl;iJ:5;& — #>^y^» — 

[0067] -^i:, !%*mt)te&zf*-z7Mmmm\z 

^t^fc (EI2i#b$) „ ^^tcj: s#-tf>-}-y 
BR) o ^tt, JiBKtttW-raAaftftlW*, «*. 

(El 2 3*HR) o 
[0 0 6 8 ] (d) 

f-^Mt^i^IifS- 5 (IS 2 4 75 
HEI2 5*fiB) o fc*3, 03 2 4 75MEJ2 5^*^T l"C 
NTJ *«MlC«tS* — J^^-^y ^^-^waSlaf 

[0 0 6 9] ^^-yoife«SfCfi % KSfB 

^d»6ft<5 Silt 6»at*###L-C*3 0, 

[0 0 7 0] *fc. S2fPffl*5«?»o»«i€r#5»^^ 

y ¥~-7<D9Gmzmm»z&ttir z>z.t trzsmz 

fc* (El2 4#BS) 0 r<ra:K»£;&— jK^-j-y^-?' 

m&<v&te&>z>\s^temm&ftj£irz>z.k&X'£ z (Ei2 

[0 0 7 1 ] (5) ±lBUfc|IH«5»IB<te>tJSJCJilBL 

(i) 7i?M (4) \z^i-^mn, m^nzm^te^ 



(7) #I^F^ 3 4 2 1 3 3 2^ 
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[0 0 7 2] 

[B)l] *»Wf-J:S*-^^/^^-^J8a&*-jfe 

[19 2] 4«J8n*irj:«XlkttJ|t«r9i-^IEam?M 
fttt (SEM) ?Stfe5 9 

[12] 3 I H 2 (C^i-S EM«(Dl»SrSSl:t5fci!) 
fc, H2^t-SEM^SC*«*Wtc*U^:«»WBlTfe 

So 

[El 6] H5»c*i-s EM?BO»/J>jB*Afct6l:* 

[12)7] EI 5 lC^i"S EM?SWl^^§Bl-t5^fe 
tc N E] 5 \z.^ki~ S EM¥l$r^i^t LfcKWEI-efc 

So 

[El 8] ft«Jc««*nfc«*BO*ife*»lc«tlli-S 
«/hffl«AJc*— jK^-^y 20$:i 

[El 9] El8iC^-TS EM?S©ll»S:^i:t5tfe 
30 ic, 1 8 fci^t S EM?H tr«K«M DkUBB-Cfc 
S 0 

[Ell 0] *»W<D^jfe^J: 5|»/hflH«A^*-#^ 
y^^-y^ i *<o&j&&£'&tz*>'#' xt- vf 

[Ell l] *»W©fftl:J: 5«/h««A^*-aK^ 

^L^^-TK^^y^-a-^Ji, /n-^fiL 
-C/Bv><b;ft,-t^So 

[Ell 2] **fl^Si:J: 0 */h«*Alc# 
y^-ys- 1 *<n^&&&^iz? ^ y XT-^-y- 4 yf 

iL^^-^^-^y^rL-^fi, /n-^g^tL 
50 [Hl3]^ft (Pt) h<< V (I r) tSr 
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£ S TM^KT£>S 0 
[Ell 4] ^/hm^A^^-^V^y^-^-y^i^:^ 

WcSTMtdJ:£S i (111) 7X7»?Itfc 

Kl5] ^/h^A^^-zK^-^/^^-y^l^O 

V^STMI^J;?)S i (111) 7X7»?lTfc 
So ^h^A^^L.^^-7K>^/^^-^f± N 7" 

[EI 16] Si (111) 7 x 7^®_h^joVNT, »/Jn 

^ ^ * X ^x -f >y -fk m V S T S £f«| ORCff <b jfrfc 

[{Hi 7] STSth«ic*5Jt^«|(i^f-^/u«EE*ri 

[1211 8] STSW-a^»S«W»fc*^^mjE«rfc 
[(Hi 9] *»Wte.fc5;fr-jtf>'-2-y?- a L~ zf<D$mi5 

[®2 0] (a) /^m: (b) Ji, *»W^J:S^ — 

[821] *»Wirj:S^->K^y^-a-^6oKjg* 
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[182 2] «^ias^-^tyfa-^s^ 

[IH2 3] ^aw^is^-aKv^-y^-a— ^©«iai* 

[1212 4] ^IgW^iS^-^^y^a-^^Sag*- 
[BI2 5] *»Wtc:J:<&*-#^y^a-^«»(3t* 
[**©»•!] 



1 o 

1 2 
12a 

1 2 a a 

2 0 
CNT 

[®KJ] 

[MM] ^IMCB^-^^-^y^a— ^t»*i-<5fc 
ib^^-^^y^a-^ojait^jsfe-efooT. 

sfcfe^-^^y^-^-y^ig^-e^o-c, m 
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ftVtm 3 4 2 1 3 3 2^ 
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#fF3! 3 4 2 1 3 3 2f 
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8 nm X 8 nm, V s =-2.0 V, l t =50 pA 
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